In this report, the genome of the Thai avian influenza virus A (H5N1); A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04, isolated from the 
The genome sequence analysis of H5N1 avian influenza A virus isolated from the outbreak among poultry populations in Thailand 
Introduction
During the past few years, several subtypes of avian influenza A (AI) including H5N1, H7N7, H9N2, and possibly H7N3 have been reported to be capable of infecting humans (Trampuz et al., 2004) . In 1997, the highly pathogenic AI, H5N1 subtype originating from avian species was isolated from an infected human in Hong Kong, demonstrating direct transmission of the AI virus to humans (Bender et al., 1999; Suarez et al., 1998) . This has caused significant concern as a potential source of another influenza pandemic. Although a massive poultry depopulation policy by the Hong Kong Government in 1997 had successfully terminated the potential pandemic crisis, in a series of avian epidemics, a significant re-emergence, highly pathogenic avian influenza (HPAI) H5N1 has been reported in several Asian countries including Korea, Japan, Taipei, Cambodia, Laos, Pakistan, China, Indonesia, and Thailand, with additionally confirmed cases of human death in Vietnam (Hien et al., 2004) .
Early in 2004, the AI (H5N1) virus has emerged in Vietnam and Thailand causing severe epidemics in the poultry industry that resulted in a major economic loss of over 250 million USD. In Vietnam, AI had killed 16 of 22 human patients, and poultry culling policy had to be granted to stop the epidemic. In Thailand, the AI epidemic has killed 8 of 12 infected humans and resulted in a massive slaughter of over 26 millions poultry (CDC, 2004) . It should be noted that Thailand was reportedly free from AI outbreak. All cases reported in humans during the 2004 epidemics could be directly traced back to infected poultry (CDC, 2004 Shortly after the start of the epidemic, the Thai AI virus; A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04 was isolated from the infected laying hen and confirmed to be an H5N1 subtype. The 8 genome fragments of this virus were then sequenced and subjected to phylogenetic analyses. In this report, almost the entire genome sequences of the Thai AI was analyzed and phylogenetic characterization was performed in comparison to the sequences of H5N1 AI available in the Genbank database.
Results and discussion
The genome of influenza A virus contains 8 singlestranded RNA segments. Each RNA segment carries a particular gene constellation responsible for viral surface proteins, replication, and assembly. The HA and NA genes encode the viral envelope proteins responding for viral attachment and spreading from cell to cell. The other six viral genes; PB2, PB1, PA, NS, M, and NP encode viral internal proteins required for viral replication and assembly (Snyder et al., 1987) . Among the Influenza A viral proteins, the replicative complex such as PB2, PB1, and PA together with NP play a crucial role in viral infectivity of the different host range environments (Guan et al., 2002) . The genome and amino acid sequences of A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04 were compared to those from A/Chicken/ Hong Kong/H5N1/97 as well as other H5N1 sequences available in the GenBank database during the recent outbreaks ( Fig. 1 and Table 1 ). Phylogenetic analyses revealed that the present Thai AI (H5N1); A/Chicken/Nakorn-Pathom/ Thailand/CU-K2/04 was closely clustered with the chicken and human isolates recovered from Thailand ( Fig. 1) , supporting that viruses of the same clade were responsible for the Thai AI epidemics. Moreover, the HA and NA genes of A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04 displayed more than 97% similarity to those of A/Human/ Fig. 1 (continued).
Fig. 1 (continued).

Rapid Communication
Vietnam/1196/04 suggesting the evidence of direct transmission of AI to humans.
The first known highly pathogenic H5 virus (H5N3); A/ tern/South Africa/61 was isolated from tern in 1961 (Becker, 1966) . The multiple insertion of basic amino acids at the cleavage site of HA as well as amino acid 627 of PB2 have been reportedly associated with the pathogenicity of the avian H5N1 (Hatta et al., 2001; Xu et al., 1999) . As expected, the pathogenic cleavage sites bSPQRE RRR KKRQ was observed in A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04 and was similar to the previously reported amino acid sequences (Fig. 2) . Interestingly, a slightly different amino acid residue of the HA cleavage site; bSPQRE RKR KKRQ were observed in viruses isolated from infected white peafowl and Kalij pheasant during the same epidemic (Y. Poovorawan, unpublished observation). These two viruses also exhibited a highly pathogenic characteristic, indicating that different amino acid sequences, other than the sequence bSPQRE RRR KKRQ could also be found in the highly pathogenic AI strains.
Although, the 19-amino acid deletion in the NA gene of A/ Chicken/Hong Kong/258/97 has been proposed to be associated with the viral transmission from poultry to humans (Matrosovich et al., 1999) , the amino acid sequence analysis of the NA protein of the Thai AI exhibited a 20-amino acid deletion at the stalk region, differentiating it from those of the 1997 AI strains (Fig. 3) . Previously, the 20-amino acid deletion of the NA molecule has been described in the HPAI viruses isolated in 2001 (Guan et al., 2002) , but never been found in those viruses collected in the course of 1997-2000. The result suggested an evidence of a separate gene introduction to the newly emerged viruses after the year 2000.
Apart from the HA and NA genes, other viral internal genes can potentially be responsible for its pathogenicity, virulence, and a potential mode of transmission among avian populations and from birds to humans (Shortridge et al., 1998) . The NS gene is important in regulating the host cell response with the additional function of optimizing the viral replication in the host. The Cterminus of the NS protein has been shown to play an important role in inhibiting of interferon expression (Giess et al., 2002) . Alignment comparisons of deduced amino acid sequences of the NS gene demonstrated that the NS gene of AI can be categorized into two groups. One was a viral group of 1997 without deletion of the five amino acid residues, and the others, devoid of the five amino Fig. 1 (continued) . Fig. 1 (continued) . (Fig.  4) .
Previously, genotypic classification of the AI (H5N1) of 2000-2001 by using the NP gene has been described (Guan et al., 2002) . In this study, the NP gene of A/Chicken/ Nakorn-Pathom/Thailand/CU-K2/04 was then compared to the AI (H5N1) of 2000-2001 to classify its genotype. The results suggested that A/Chicken/Nakorn-Pathom/Thailand/ CU-K2/04 was genotype E, based on its closed relationship to other genotype E viruses; A/Chicken/HK/715.5/01 and A/Chicken/HK/873.3/01 (Fig. 1) .
The present phylogenic analyses indicated that the Thai AI (H5N1) was not related to the early AI outbreak of 1997, but remarkably resembled to the AI viruses of the year 2000-2001 period. Based on the molecular evolution of the 8 viral gene segments, all seven segments, with the exception of the HA gene, exhibited relatively rapid evolution from 2000's lineage, while the HA gene only Fig. 1 (continued) . Fig. 1 (continued) .
Rapid Communicationformed a cluster with viruses collected during the same epidemic (Fig. 1) . The uniqueness of the HA gene sequence suggested that the gene might have been obtained from an as yet unidentified source. Interestingly, all the seven genes of A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04 were tightly clustered with those from the HPAI; A/Duck/ China/E319.2/03. In addition, the phylogenetic analyses of the NP, PA, and M2 genes of the Thai AI revealed a closed relationship to the AI; A/Duck/China/E319.2/03. Its NA, NS, and M1 are on the adjoining node with that of A/Duck/ China/E319.2/03 (Fig. 1) .
Several changes in the amino acid sequences of internal proteins of AI can indicate the simulated host range factors , and hence, the changes in the amino acids of PB2, PA, NP, and M2 at a specific position were analyzed. Table 1 showed the unique residues of amino acid substitution according to previous outbreaks. Consistent with the phylogenetic studies, the internal genes of A/ Chicken/Nakorn-Pathom/Thailand/CU-K2/04 with particular amino acid residues were more related to viruses from Hong Kong and China and its epidemic profile is similar to that of the Vietnamese AI rather than the viruses from the 1997 lineage. Although the origin of the outbreak cannot be determined within the scope of this work, the evolutionary Table 1 Comparison of the specific amino acid residues of the internal proteins of A/Chicken/Nakorn-Pathom/Thailand/CU-K2/04
Host Amino acids at positions of the internal genes of Hong Kong and Thailand H5N1 viruses   PB2  PA  NP  M2   199  627  661  702  409  136  14-16  28  55 Avian influenza virus
The specific amino acid characteristics of the virus have retained the similarity to Goose/Guangdong/96-97 and avian H5N1 of 2000-2001 rather than to A/ Human/Hong Kong/97, A/Duck/Hong Kong/97, or even A/Chicken/Hong Kong/97. 
Materials and methods
Virus isolation and identification
Carcasses of laying hens with a clinical history of rapid fatality from Nakorn-Pathom, a western province in Thailand, were submitted to the Chulalongkorn UniversityVeterinary Diagnostic Laboratory (CU-VDL). Influenza A viruses were isolated using specific antibody negative, embryonated fowl eggs (SAN-fowl egg) according to the protocol described by OIE (Office International des Epizooties). Briefly, the supernatant fluid from lung tissue suspension was inoculated into allantoic sacs of the SANfowl eggs and further incubated at 37 8C. Following the incubation period of 24-72 h, embryonated eggs showing infected lesions were chilled at 4 8C and the allantoic fluids were harvested. Samples yielding positive hemagglutination activity (HA test) were kept at À80 8C until needed.
To identify the virus subtype, a multiplex RT-PCR was performed using the previously published primers specific for H5N1 (Poddar et al., 2002) . The sizes of the PCR products from the multiplex RT-PCR were 356 bp for H5 and 106 bp for N1. Both amplified products of H5 and N1 were subsequently confirmed by direct nucleic acid sequencing.
Genome sequence and analyses
Total RNA was extracted and purified from the allantoic fluid using Rneasy mini kit (Qiagen, California, USA). Total RNA was reverse transcribed into cDNA. The cDNA derived from each gene segment was subjected to PCR employing the specific oligonucleotide primers of NS, M, NA, NP, HA, PA, PB1, and PB2, respectively (primers are available upon request).
The PCR products were extracted and examined by agarose gel electrophoresis. The obtained products were purified using the Perfectprep Gel Cleanup Kit (Eppendorf, Westbury, NY) for further enzymatic reactions (Theamboonlers et al., 2002) . The DNA concentrations were determined based on absorbance at 260 nm (UV 160 A; Shimadzu, Tokyo) and subsequently adjusted to between 10 and 30 ng. The DNA sequencing reaction was performed, using a commercially available kit (Big Dye Terminator V.3.0 Cycle Sequencing Ready Reaction; Foster City, CA) and a Perkin Elmer 9600 thermocycler, at a final volume of 20 Al, containing 8 Al of dye terminator and 12 Al of specific sequencing primer at the concentration of 3.2 pmol. The extended sequencing products were purified by ethanol precipitation before the sequence analysis performed with the ABI-Prism 310 Genetic Analyzer (Perkin Elmer, Norwalk, CT).
Analysis of nucleotide and amino acid changes in avian influenza A viruses
The DNA sequence data were edited and aligned by Bioedit 5.0.6 software. The phylogenetic analysis was performed applying the clustal V method, using the MegAlign program (DNASTAR, Madison, WI). The nucleotide sequences from this study can be viewed in the Genbank database under the accession numbers: PB2: AY590581, PB1: AY590582, PA:AY551934, HA: AY59568, NA: AY590567, M: AY590578, NP: AY590579 and NS: AY590580.
